I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Fatty liver is a common problem worldwide. Its prevalence has been estimated to be 20%--30% in general population in Western countries.\[[@ref1]\] It was thought to be a benign condition but is now increasingly recognized as a major cause of liver-related morbidity and mortality. Studies introduced that nonalcoholic fatty liver disease (NAFLD) may progress to cirrhosis, liver failure, and hepatocellular carcinoma.\[[@ref2][@ref3]\] Fatty liver can be easily diagnosed by imaging. Although Liver biopsy is thought of as the gold standard for assessment of NAFLD, it has been limited by its invasiveness and unsuitability for screening purposes. Fortunately, it can be diagnosed by ultrasound, computed tomography (CT), and magnetic resonance imaging (MRI). In ultrasonography (USG), the echogenicity of normal liver equals or minimally exceeds that of the renal cortex or spleen, with intrahepatic vessels sharply demarcated and posterior aspects of liver well depicted \[[Figure 1](#F1){ref-type="fig"}\]. Fatty liver in USG can be diagnosed if the liver echogenicity exceeds that of the renal cortex and spleen and there is attenuation of ultrasound wave, loss of definition of the diaphragm, and poor delineation of the intrahepatic architecture.\[[@ref4][@ref5][@ref6][@ref7][@ref8]\] Fatty liver can be diagnosed as well as graded according to severity of fat deposition into three grades. They are:

![Longitudinal ultrasound scan comparing echotexture of the liver with echotexture of the renal cortex](JMU-27-19-g001){#F1}

Grade 1 -- Minimal diffuse increase in the fine echoes. Liver appears bright compared to the cortex of the kidney. Normal visualization of the diaphragm and intrahepatic vessel borders \[[Figure 2](#F2){ref-type="fig"}\]

![ultrasound scan showing increased echotexture of the liver in comparison to echotexture of the renal cortex: grade I fatty liver](JMU-27-19-g002){#F2}

Grade 2 -- Moderate diffuse increase in the fine echoes. Slightly impaired visualization of the intrahepatic vessels and diaphragm \[[Figure 3](#F3){ref-type="fig"}\]

![Ultrasound scan showing increased echotexture of the liver with impaired visualization of intrahepatic vessels: Grade II fatty liver](JMU-27-19-g003){#F3}

Grade 3 -- Marked increase in fine echoes \[[Figure 4](#F4){ref-type="fig"}\]. Poor or no visualization of intrahepatic vessels and diaphragm and poor penetration of the posterior segment of the right lobe of the liver.\[[@ref9]\]

![Ultrasound scan showing nonvisualization of portal vein margins and nonvisualization of the diaphragm due to deep attenuation of ultrasound: Grade III fatty liver](JMU-27-19-g004){#F4}

This grading gives an indirect estimation of the quantification of fat deposition in the liver. It should also be remembered that NAFLD is a spectrum with the most severe forms consists of liver fibrosis and cirrhosis. Hence, higher the grade of fatty liver, more the chances of progressing to fibrosis and then cirrhosis.\[[@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]\] Interobserver variability is a major drawback of USG, however, it has been shown to have an acceptable sensitivity and specificity for detecting moderate-to-severe hepatic steatosis. As US is easy to perform and less costly than other imaging methods, US is probably currently the most widely used imaging method for detecting hepatic steatosis in asymptomatic patients with elevated liver enzymes and suspected NAFLD.\[[@ref17][@ref18][@ref19][@ref20][@ref21]\] Grade 3 fatty lliver. Juurinen *et al*. had carried out a study on "nonalcoholic fatty liver disease -- the hepatic component of metabolic syndrome" and found that fatty liver disease was closely related to metabolic disturbances.\[[@ref21]\] Marchesani *et al*. showed that 80% of patients with NAFLD were obese. One study showed that 79% of people with NAFLD were overweight or obese. Goland *et al*. showed that patients with NAFLD had a significant higher body mass index (BMI), higher blood glucose levels, and triglyceride (TGL) values than normal population. Juneja also showed almost similar results with elevated blood glucose values, lipid levels, and blood pressure values. Strong association of NAFLD with metabolic syndrome has been found. Dixon *et al*. also quoted NAFLD to be the hepatic component of metabolic syndrome.\[[@ref22][@ref23][@ref24][@ref25]\] These studies, however, did not show the relation of grading of fatty liver with metabolic disturbances. Hence, this study is unique on its own. It has attempted to show the relationship of different grades of fatty liver with size of liver, BMI, and lipid profile in apparently healthy people who came to the department for general health checkup.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

The study was a hospital-based prospective study carried out at Tribhuvan University Teaching Hospital, a tertiary care center in Kathmandu, Nepal. The study population was individuals referred for USG from general health checkup from September 1, 2015 to August 31, 2016.

We selected adult patients diagnosed with fatty liver from patients who were referred to the Ultrasound Section, Department of Radiodiagnosis and Imaging at Tribhuvan University Teaching Hospital for health checkup. After excluding patients with a history of alcohol consumption, we enrolled 109 patients in this study. This study protocol was approved by the local institutional review board and informed consents were obtained from the enrolled patients.

Patient\'s information was recorded in the predesigned form, including age, sex, relevant medical history, height, and weight. BMI was calculated for each subject. Biochemical analysis including high-density lipoprotein (HDL), low-density lipoprotein (LDL), TGL, and cholesterol levels was also examined.

Patients were scanned transabdominally using C 5-1 (1-5 MHz) curvilinear probe of Philips iU22 ultrasound machine in supine position. The craniocaudal liver length at midclavicular line was measured. Measurements were made from the dome of the diaphragm during deep inspiration and all measurements were recorded to the nearest millimeter. According to the standard criteria,\[[@ref9]\] the fatty liver was scored on a three-grade scale, with 1 indicating minimal diffuse increase in fine echoes, liver appearing bright compared to the cortex of the kidney, and normal visualization of diaphragm and intrahepatic vessel borders; 2 indicating moderately diffuse increase in the fine echoes with slightly impaired visualization of the intrahepatic vessels and diaphragm; and 3 indicating marked increase in the fine echoes with poor or no visualization of intrahepatic vessels or the diaphragm and poor penetration of the posterior segment of the right lobe of the liver.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 109 patients (63 males, 46 females) with mean age of 47.5 were assessed in this study. The sample consisted of patients of age more than 18 who were diagnosed with fatty liver by ultrasound and had no history of alcohol consumption. The age distribution of demographics of sample is shown in [Figure 5](#F5){ref-type="fig"}. The mean age of the males was 44.4 years and in females was 51.6 years. The majority of patients belonged to age group of 50--59 (32.1%), followed by 40--49 (28.8%) and 30--39 (16.5%). The distribution of age in NAFLD patients is shown in [Table 1](#T1){ref-type="table"}.

![Patient distribution of age](JMU-27-19-g005){#F5}

###### 

Distribution of different grades of nonalcoholic fatty liver in different age groups

              Fatty liver grade           
  ----------- ------------------- ------- ------
  10-19       1                   0       0
  20-29       6                   1       0
  30-39       8                   9       1
  40-49       21                  9       1
  50-59       24                  11      0
  60-69       12                  1       1
  70-79       3                   0       0
  Total       75                  31      3
  109(100%)   68.8%               28.4%   2.8%

[Figure 6](#F6){ref-type="fig"} shows the distribution of different grades of NAFLD among 109 samples. It was found that most of the patients with fatty liver had Grade I fatty liver changes (*n* = 75, 68.8%), followed by Grade II fatty liver changes (*n* = 31, 28.4%), and then, Grade III fatty liver changes (*n* = 3, 2.8%).

![Distribution of different grades of nonalcoholic fatty liver among samples](JMU-27-19-g006){#F6}

Out of 110 patients with fatty liver, it was found that most of them had liver size within normal range, which is \< 15.5 cm (77.1% samples). It was found that 12.8% of patients with NAFLD had liver size from 15.6 mm to 16.6 mm and 10.1% of patients had liver size more than 16.6 cm \[[Figure 7](#F7){ref-type="fig"}\].

![Distribution of different liver sizes in patients with nonalcoholic fatty liver disease](JMU-27-19-g007){#F7}

[Table 2](#T2){ref-type="table"} shows the distribution of BMI among the NAFLD patients. In the study, it was found that most of the patients with NAFLD were overweight (56%), 16% were included in Class I obesity, and 9% were included in Class II obesity. Only 30% of samples had normal weight.

###### 

Distribution of body mass index among patients diagnosed with nonalcoholic fatty liver disease

  BMI       Frequency (%)
  --------- ---------------
  \<18.5    6 (5.5)
  18.5-25   30 (27.5)
  25-30     56 (51.4)
  30-35     16 (14.7)
  35-40     1 (0.9)
  Total     109 (100.0)

BMI: Body mass index

When the reports of lipid profile were obtained, it was found that almost 8.26% of samples had decreased level of HDL while normal level of HDL was found in 89.9% of cases. Few samples (1.8%) had higher level of HDL \[[Figure 8](#F8){ref-type="fig"}\].

![Distribution of high-density lipoprotein in patients with nonalcoholic fatty liver disease (mmol/L)](JMU-27-19-g008){#F8}

It was also observed that the levels of LDL were within normal range in 79.8% cases (cumulative frequency), however, it was increased in 20.2% of the cases \[[Figure 9](#F9){ref-type="fig"}\]. In the study, out of the total samples, it was found that cholesterol levels were normal in 72.5% of cases (cumulative frequency) and was abnormally elevated in 17.5% of cases \[[Figure 10](#F10){ref-type="fig"}\].

![Distribution of low-density lipoprotein in patients with nonalcoholic fatty liver disease (mmol/L)](JMU-27-19-g009){#F9}

![Distribution of cholesterol in patients diagnosed with nonalcoholic fatty liver disease](JMU-27-19-g010){#F10}

It was observed that the mean TGL value was 2.06 (within normal range). However, there were 26.6% of cases with elevated TGL levels \[[Figure 11](#F11){ref-type="fig"}\]. After obtaining the distribution of age, sex, and lipid profile in different grades of fatty liver, comparison of fatty liver disease grading with HDL, LDL, cholesterol, TGL, and liver size was done. Following data and calculations were obtained.

![Histogram showing distribution of triglyceride levels among samples](JMU-27-19-g011){#F11}

[Table 3](#T3){ref-type="table"} shows that serum TGL, cholesterol, HDL, and LDL were in abnormal ranges (increased TGL, cholesterol, LDL, and decreased HDL) was found in 26.6%, 27.5%, 1.8%, and 20.2% of samples, respectively.

###### 

Distribution of patients showing abnormal serum lipid profile in nonalcoholic fatty liver disease

  Lipid profile   US grades   Total   Percentage                                  
  --------------- ----------- ------- ------------ ---- --- --- ----- ---- ------ ------
  TGL             58          17      20           11   2   1   80    29   73.4   26.6
  Cholesterol     58          17      18           13   3   0   79    30   72.5   27.5
  HDL             74          1       30           1    3   0   107   2    98.2   1.8
  LDL             63          12      21           10   3   0   87    22   79.8   20.2

US: Ultrasound, TGL: Triglyceride, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, N: Normal, A: Abnormal

[Table 4](#T4){ref-type="table"} shows that increasing grades of NAFLD were significantly associated with increasing levels of serum cholesterol (*P* = 0.028), LDL (*P* = 0.017), liver size (*P* = 0.001), and BMI (*P* = 0.045). Strong positive correlation was seen in between increasing levels of fatty liver and increasing liver size (*r* = 0.405), HDL (*r* = 0.119), LDL (*r* = 0.249), and BMI (*r* = 0.21). No significant association was seen in between the increasing grades of NAFLD and TGL levels or HDL levels.

###### 

Comparison between nonalcoholic fatty liver disease and serum lipid profile, body mass index, and liver size

  Serum lipid profile   USG grades   *P*     *r*                                       
  --------------------- ------------ ------- -------- ------- ------- -------- ------- -------
  TGL                   1.9760       0.779   2.277    1.181   2.033   1.83     0.32    0.12
  Cholesterol           4.55         0.86    5.074    0.97    4.833   0.5686   0.028   0.22
  HDL                   1.048        0.21    1.125    0.246   1.033   0.251    0.25    0.119
  LDL                   2.637        0.718   3.122    0.951   2.966   0.461    0.017   0.249
  Liver size            144.52       10.28   157.12   8.4     153.3   12.58    0.001   0.405
  BMI                   21.10        5.7     25.38    4.66    26.58   3.805    0.045   0.21

USG: Ultrasonography, TGL: Triglyceride, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, SD: Standard deviation, BMI: Body mass index

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

In the study, NAFLD had male predominance with almost 57.8% cases were found males. Similar results were found by Shivram Prasad *et al*., in which male predominance was noted in cases of NAFLD. Jen Jung Pen *et al*. also studied the sex distribution among people with NAFLD and found that it was predominant in males. In the article by Jen Jung Pen *et al*., this was owed to the difference in body fat, lifestyle, and sex hormone metabolism. However, in the study conducted by Dhumal *et al*., female predominance in the distribution of sex among patients with NAFLD was reported.

It was also found in this study that the highest percentage of age group was in the fifth decade-42.2%. Similar finding was found in a study by Dhumal *et al*. In the study also, it was quoted that the largest per cent of people with fatty liver was in the age group of fourth-to-fifth decade. This is probably due to the sedentary lifestyle in this age group. This can possibly be attributed to the sedentary lifestyle and less engagement in physical activity in this age group. Most of the metabolic disorders including diabetes, hypertension, and NAFLD are probably a result of the lifestyle in this age group of most of the patients.

Liver size was normal in 77.1% cases. It was increased by 0--1 cm in 12% of cases and was increased by 0--2 cm in 10.8% of cases.

Most of the cases diagnosed as nonalcoholic fatty liver had Grade I fatty liver (68.8%), followed by Grade II (28%) and Grade III (2.8%). In the study by Dhumal *et al*., it was found that the prevalence of NAFLD Grade I was 47.1%, Grade II was 42.8%, and Grade III was 10%. This discrepancy probably is due to random selection of samples. In this study, it was noted that there were minimal samples diagnosed with Grade 3 fatty lliver.

In this study, only 30% had normal weight. 70% cases had increased weight with 56% being overweight, 16% had Class I obesity, and 9% had Class II obesity. In the study done by Ghobad *et al*. as well, the prevalence of obesity was 28.2% and 44.1% cases were found to be overweight. In a study done by Mohammad Aleem *et al*., it was found that increasing grades of fatty liver was associated with increasing weight. In a study conducted by Juneja *et al*., it was found that 52.8% were overweight and 22.6% were obese. These findings in other studies correlate quite well with this study showing that there is higher prevalence of overweight and obesity in people with NAFLD.

In this study, it was found that there was significant correlation of increasing grades of fatty liver with increasing grades of LDL, cholesterol, BMI, and liver size of patients. However, no significant correlation was found in between fatty liver and increasing levels of TGLs and decreasing grades of HDL. In study by Dhumal *et al*., it was found that increasing grades of fatty liver was significantly associated with increasing levels of cholesterol, LDL, very LDL (VLDL), and decreasing HDL. The results in this study are almost similar to a study by Dhumal *et al*. In both the studies, it was seen that increasing grades of fatty liver was not significantly associated with increasing levels of serum TGL. However, unlike the findings of significant association of increasing grades of fatty liver with decreasing HDL levels in study by Dhumal *et al*., no significant association was found in between the levels of HDL and increasing grades of fatty liver in this study. In a study by Ghobad *et al*., it was found that only increasing grades of TGL was significantly associated with increasing grades of fatty liver. This finding was not seen in this study. In the study by Mohammad Aleem *et al*., it was quoted that people with fatty liver and diabetes mellitus had increasing TGLs, VLDL, LDL, and decreasing HDL. Shivram Prasad *et al*. associated fatty liver with hyperlipidemia in 68% of cases. In summary, although variables vary, fatty liver was associated with deranged lipid profile. In some studies, only TGL was increased and correlated with increasing grades of fatty liver, while in others all other variables, namely, cholesterol, VLDL, HDL, and BMI were significantly correlated with increasing grades of fatty liver except levels of TGLs.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

In summary, this study showed that fatty liver was more prevalent in male sex and age group of 40--50 years. Almost three quarters of fatty liver patients had normal liver size while one quarter had increased size of the liver. Almost half of the patients with fatty liver had increased BMI. Increasing grades of fatty liver had significant association with increasing LDL, cholesterol, BMI, and liver size. No significant association of increasing grades of NAFLD was noted with increasing levels of serum TGL s or decreasing levels of HDL.

Ultrasound is an important imaging tool for the diagnosis and grading of fatty liver. It is the first-line investigation modality for diagnosis of fatty liver. It is cheap, easy to use, and handle. However, it has some limitations like observer dependency. Next limitation of ultrasound in the cases of fatty liver is its inability to quantify the fat in the liver. Quantification of fat using CT scan or MRI may be more reliable for estimation and quantification of fat deposition in the liver. This can further be correlated with lipid profile in patients. Studies using CT and MRI for the quantification of fat and correlation with lipid profile can be done in the future.

Findings in our study can be used for further management of patients with fatty liver. From the study, it was shown that increasing grades of fatty liver had significant association with deranged lipid profile. Deranged lipid profile is associated with cardiovascular problems. Hence, increasing grades of fatty liver has indirect relationship with cardiovascular problems.
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